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•To investigate the effects of micro- and nanotitania adsorption on Sb(III) 
and Sb(V) speciation, antimony (either Sb(III) or Sb(V), 50 ng/mL)  was 
allowed a 48 hour equilibration period in the presence of either 
nanoparticle or microparticle titania (2 mg/mL). 
•HPLC (with an ion-exchange column) was used in conjunction with ICP-
MS to analyze the solutions; the concentration and speciation of Sb
present in the solution phase was determined. 
Image Credit: European Virtual Institute for Speciation Analysis, 2008
•In order to study the adsorption affinity between the titania (nanoparticle
and microparticle, tested separately) and the trace elements Cd, Pb, and 
Sb, known concentrations of the given elements were allowed a 7-day 
equilibration period (on a shaker) with a known concentration of 
adsorbent. 
•Following the equilibration period, solutions were filtered and 
centrifuged to remove the solid particles. The solutions were then 
analyzed using Inductively Coupled Plasma-Mass Spectrometry or 
Inductively Coupled Plasma-Atomic Emission Spectroscopy (ICP-MS or 
ICP-AES).
•Using data obtained from the analysis, results were fit to Freundlich and 
Langmuir isotherms.
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The utilization of nanotechnology is expected to rise greatly within 
the next decade. The increasing ubiquity of nanotechnology, coupled with 
the fact that the toxicity of a nanomaterial is partially dependent on its 
adsorbed components, emphasizes the general importance, and 
environmental significance, of nanomaterial adsorption studies.
Nanoparticle titania is a nanomaterial that has been increasingly 
used in consumer products. It has been used in paints as both a whitening 
agent and an antifungal. In the presence of ultraviolet light, it is capable of 
hydrolyzing water into hydrogen and oxygen. Dye-sensitized photovoltaic 
cells utilize titanium dioxide for its semiconducting properties.
Because of the increased utilization of nanoparticle titania, the 
interaction of the toxic trace elements lead, cadmium, and antimony with 
nanoparticle titania was investigated. Furthermore, because arsenic 
speciation has been shown to be affected by adsorption to nanoparticle
titania, the effects of nanoparticle titania adsorption on antimony 
adsorption were also investigated.
•Results indicate that, of the adsorbents studied, nanoparticle titania is the 
better adsorbent of cadmium, lead, and antimony, when compared to 
microparticle titania. 
•For both micro- and nanotitania, at pH 6.3, both the Langmuir and 
Freundlich equations provided good fits of the data. In general, however, 
the fits for the microparticle titania were not as satisfactory as those for 
nanoparticle titania. 
•The calculated Langmuir parameters suggest that the cadmium 
monolayer adsorption capacity is higher than that of antimony or lead, for 
both micro- and nanoparticle titania. This observation has some 
limitations, as the Langmuir model does not account for the possibility of 
multilayer adsorption. 
•Results of the antimony speciation studies indicate that microparticle
titania adsorbed the Sb(III) in solution, which was then oxidized to Sb(V). 
In the case of nanoparticle titania, it is unknown if Sb(III) was oxidized to 
Sb(V) in solution, as all antimony was completely adsorbed by the 
nanoparticles at the concentrations studied. 
•The presence of ambient light had only a small effect on adsorption and 
oxidation; antimony adsorption by microparticle titania was more 
complete in the absence of light. 
•Nanoparticle titania was found to be a superior adsorbent of Cd, Pb, and 
Sb, but it is unknown if titania nanoparticles containing adsorbed toxic 
metals would be, in practice, any more toxic than pristine titania
nanoparticles. 
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Figure 2.  Effects of micro- and nanotitania adsorption on antimony speciation
Figure 3. Trace element adsorption by micro- and nanoparticle titania
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